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Apparatus for chemical vapor deposition. 



An apparatus for a chemical vapor deposition in which at 
least one substrate 3 which has partially an insulating film on the 
surface thereof is disposed in a pressure reduced reaction 
chamber 1, the reaction chamber is provided wilh a nozzle 4a 
for feeding a reactive gas into the reaction chamber, and a light 
source 8 is provided for emitting a light beam to heat the 
substrate. The combination of substrate heating source using 
Infrared rays and a iaminarized jet of reactive gas is utilized for 
maintaining the selectivity, facilitating the thin film forming 
reaction, and improving the high reproducibility and controlla- 
bility. 
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Description 



FIELD OF THE INVENTION: 



This invention relates to an apparatus for a 
chemical vapor deposition (CVD). 

BACKGROUND OF THE INVENTION: 

In VLSI processes in which a high integration and 
a microfabrication are progressed, it has been 
positively prosecuted to establish effective mass 
productivity techniques as a concrete target for 
device production based on the design rule in 
submicron of 4M, 16M bit DRAM. In this connection, 
when metal wirings are formed on a substrate, it is 
necessary to solve the following three subjects: 

(a) Reliable filling with metal film in a hole 
having high aspect ratio on the substrate; 

(b) Formation of barrier metal; 

(c) Establishment of a multilevel interconnec- 
tion process based on a planarization tech- 
nique. 

To this end, various methods such as a bias 
sputtering, a selective growing of tungsten or 
etching-back method have been utilized. One of 
them, the selective growing of the tungsten is 
remarkably expected because it has a possibility of 
reliably forming and planarizing the metal film in the 
hole provided on the substrate, a barrier property of 
the tungsten itself and a high cost performance. It is 
known that the selective growing of the tungsten is 
one of chemical vapor deposition (CVD) methods in 
which a tungsten film is grown only on the Si surface 
or the metal surface surrounded by an insulating film 
such as Si0 2 , PSG, BPSG or the like. 

There is known a hot wall type CVD apparatus 
comprising a lateral vacuum reaction chamber, in 
which a reaction gas inlet is provided on one side 
wall of the reaction chamber for introducing mixture 
gas of a gas containing a metal element, WF6, and a 
reducing gas, H2 into the reaction chamber, a 
reaction gas outlet is provided on the other side wall 
of the reaction chamber for evacuating the mixture 
gas of WF 6 and H 2 . a substrate supporting plate is 
horizontally disposed in the reaction chamber for 
supporting a plurality of substrates longitudinally at a 
predetermined interval, and a heating electric fur- 
nace is provided on the outer periphery of the 
reaction chamber. 

In this conventional CVD apparatus, when the 
reaction chamber is heated by the heating electric 
furnace, the wall of the reaction chamber rises at its 
temperature, the heat on the chamber wall is 
transmitted to the mixture gas introduced through 
the reaction gas inlet, and then transmitted to the 
substrates. When the substrates are heated by 
means of this heat transferring, a chemical reaction 
of WF6 and H2 occurs on the surface of each 
substrate for form a thin film on the surface of each 
substrate. 

A procedure for forming the thin metal film on the. 
portion of the surface of the substrate using the 
conventional system will be described. 

As shown in Figs. 1 to 4 of the accompanying 
drawings, Si substrate "a" is used on the surface of 



which the thin insulating film n b' of Si0 2 is formed 
partially. Portions "c" of the substrate surface where 
5 no insulating film is formed is so-called contacting 
holes in each of which the thin metal film a d B is to be 
formed. 

It is known that all the initial on the portions "c" 

chemical reaction occurs as follows: 
10 WF 6 + 3/2Si 3/2SiF 4 + W (1) 

The thin metal film "d" is abruptly formed on the 

portions "c". 
Then, it is considered that chemical reactions 

occur as follows: 
15 3H 2 — 6H (2) 

WF 6 + 6H — ► 6HF -f W (3) 

W is grown as time goes, and as shown in Fig. 3. the 

thin metal film "e" of W is formed on the surface of 

the thin metal film "d" of W initially formed. 
20 In this case, the growth rate G of W is represented 

by the following: 

G = (A) (H 2 )i/2 exp(-Ea/kTm) (4) 
wherein A is positive constant, (H2) is the concentra- 
tion of hydrogen, k is Boltzmann's constant, and Tm 
25 is the temperature at the surface of the portions on 
which the thin metal film is to br grown. 

The temperature Tm at the surface of the portions 
"c" becomes substantially equal to that at the 
surface of the thin insulating film "b". if the 
30 temperature Tm at the surface of the portions *c" is 
raised, as understood from the equation (4), the 
growth rate of W is increased, but temperature at the 
surface of the thin insulating film also raises. 
Consequently, on the thin insulating film "b" the 
35 chemical reactions as represented by the formulae 
(2) and (3) may also be occurred and thus a thin 
metal film T of W may be formed on the surface of 
the thin insulating film "b" as shown in Fig. 3. 
In Fig. 4 there is shown in an enlarged version a 
40 part of the substrate shown in Fig. 3. It will be seen 
that, in the procedure of growing the thin metal film 
"e", there is occurred an encroachment phenome- 
non in which a metal element may be invaded into a 
boundary zone between the substrate "a" and the 
45 thin insulating film "b". As the case may be, voids "h" 
may be produced in the substrate "a". Such 
encroachment is denoted by reference "g\ 

According to the conventional method, the turbu- 
lent flow or the natural convection occurs near the 
50 substrate n a". The inventors have presumed that the 
turbulent flow or the natural convection accelerates 
the growth of the above-described encroachment or 
the voids. 

However, the feed or stream of the gas is 
55 controlled only by two internal parameters such as 
pressure and reactive gas flow rate. Thus, it is 
impossible to externally control the gas flow so as to 
suppress the disturbance and the natural convec- 
tion of the reactive gas which may be occurred in the 
60 reaction chamber. Therefore, thin films cannot be 
formed with excellent reproducibility, controllability 
and uniformity in wide pressure and flow rate ranges. 
Furthermore, since the reaction components are 
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diffused in the entire area in the reaction chamber, it 
is not possible to avoid an adhesion of the diffused 
reaction components to the reaction chamber walls 
and an inspection window provided thereon. There- 
fore, the generation of dusts, the mixture of 5 
impurities in the thin film to be formed due to the 
adhesion of the diffused reaction components to the 
reaction chamber walls and the inspection window 
cannot be avoided. 

To suppress such encroachment and the forma- 10 
tion of the voids, a low temperature, low concentra- 
tion growth has been developed. However, In this 
method, the growth rate which may be obtained is 
merely several 10 Angstroms/min. (see, by Broad- 
bent et al. J. Electrochem. Soc. 131. (42) 1984; 15 
Blewer. VMIC 1985). For example, it takes approxi- 
mately 2 hours to fulfill the contact holes of 1 micron 
depth. 

In the conventional method, the growth of the W 
nucleus on the insulating film, that is, the selectivity 20 
loss may be easily occurred. To avoid this selectivity 
loss, it is necessary to see the growth rate of the W 
film at lower level or to decrease the thickness of the 
W film to be formed. 

This invention is to utilize the combination of 25 
substrate heating source using infrared rays and a 
laminarized jet of reactive gas for purpose of 
maintaining the selectivity, facilitating the thin film 
forming reaction, and improving the high reproduci- 
bility and controllability. 30 

The laminarized jet of the reactive gas has merits 
as follows: 

(a) It is possible to coincide the gas flow 
control with a simulation; 

(b) The diffusion of the reaction gas and 35 
reaction product to reaction chamber walls can 

be suppressed by uniformly and locally feeding 
the reaction gas to the vicinity of the substrate. 
This invention has an object to provide a CVD 
apparatus which eliminates the disadvantages of the 40 
abovementioned conventional chemical vapor de- 
positions, and can form a thin metal film only on a 
portion not formed with a thin insulating film in the 
surface of a substrate on which the insulating film is 
partially formed at increased growth rate while 45 
suppressing the encroachment and the growth of 
the voids. 

Another object of the invention is to provide an 
apparatus for a chemical vapor deposition in which a 
thin metal film can be formed with good reproduci- 50 
bility, controllability and uniformity. 

SUMMARY OF THE INVENTION: 

According to one aspect of this invention, there is 
provided an apparatus for a chemical vapor deposi- 55 
tion, comprising a pressure reduced reaction cham- 
ber in which at least one substrate is disposed, 
means for feeding a reactive gas into said reaction 
chamber, and means for emitting a light beam to 
heat said substrate in said reaction chamber, 60 
thereby producing a chemical reaction to form a thin 
film on said substrate. 

According to a second aspect of this invention, 
there is provided an apparatus for a chemical vapor 
deposition, comprising a pressure reduced reaction 65 



chamber, means for feeding a reactive gas into said 
reaction chamber, means for holding at least one 
substrate in said reaction chamber and having 
means for heating said substrate, and means for 
emitting a light beam, to heat said substrate in said 
reaction chamber, thereby producing a chemical 
reaction to form a thin film on said substrate. 

According to a third aspect of this invention, there 
is provided an apparatus for a chemical vapor 
deposition, comprising a pressure reduced reaction 
chamber in which at least one substrate is disposed, 
means for feeding a first gas substantially parallel to 
the surface of said substrate under reduced press- 
ure in a sheet-like flow, means for feeding a second 
gas opposite to the surface of said substrate to put 
said first gas flow Into a laminar flow state In the 
vicinity of said substrate, and means for emitting a 
light beam to heat said substrate In said reaction 
chamber, thereby producing a chemical reaction for 
form a thin film having the component of said first 
gas on said substrate. 

According to a fourth aspedt of this invention, 
there is provided ah apparatus for a chemical vapor 
deposition, comprising a pressure reduced reaction 
chamber; means for supporting at least one sub- 
strate in said reaction chamber and having means 
for heating said substrate, means for feeding a first 
gas substantially parallel to the surface of said 
substrate under reduced pressure in a sheet-like 
flow, means for feeding a second gas opposite to the 
surface of said substrate to put said first gas flow 
into a laminar flow state in the vicfnity of said 
substrate, and means for emitting a iight beam to 
heat said substrate in said reaction chamber, 
thereby producing a chemical reaction to form a thin 
film having the component of said first gas on said 
substrate. 

Each substrate may be provided with an electrical 
insulating film on a portion of the surface thereof and 
with no electrical insulating film on the other portion 
of the surface thereof with a first metal film. 

The substrate may be Irradiated by the light beam, 
for example, an infrared ray to create a temperature 
difference between the electrical insulating film and 
the first metal film by the difference in a light 
absorptivity of the body of the substrate, the 
electrical insulating film and the first metal film. 

The gas containing the metal element may be any 
one or more in combination selected from metallic 
halides such as WF 6 , MoF 6 , TaF 6 , CrF^ TiF 4l TiCI 4l 
MoCts. WCI 6 . AlCIs and the like. 

The electrical insulatfng film provided on the 
surface of the substrate may be formed of any one or 
more selected from oxides such as Si02, AI2O3, 
BSG, PSG, BPSG and the like, nitrides such as BN, 
SiN x and the like, and compound such as S1N x O y . 

The first metal film may be formed of any one or 
more selected from metals such as W, Mo, Ta, Cr, Ti, 
Al, Pt, Pd, Au, Ni and the like or their alloys. 

The first metal film may be formed of any one or 
more selected from metallic silicides such as WSi x , 
TiSix, TaSix. MoSi x , PtSi x and the like, and metallic 
nitrides such as TiN or the tike. 

The each substrate may be made of any one of Si, 
Si02. AI2O3. glass, sapphire or the like, or may be 
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• formed of a thin film of Si on the uppermost layer 
thereof. 

In this invention, the flows of the gas containing 
the metal element and the reducing gas can be 
maintained in a laminar flow state with good 
controllability in the entire area of the vicinity of the 
substrate. The flow of the inert gas or the gas which 
contains the inert gas as a main component can 
dynamically suppress the soaring or blowup of the 
gas containing the metal element and the reducing 
gas and can prevent the components of the gas 
containing the metal element from diffusing by 
turbulent. 

According to this invention, therefore, the en- 
croachment and the formation of the voids can be 
effectively suppressed to provide excellent control- 
lability and reproducibility of the thin metal films to 
be formed on the substate, the second thin metal 
film can be formed only on the first thin metal film 
previously formed at high speed, and the reaction 
chamber wall and the transparent window can be 
prevented from contaminating. 

These and other objects, features, and advant- 
ages of this invention will become apparent from a 
study of the following description in which reference 
is directed to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

Figs. 1 to 4 are sectional views of a procedure 
for forming a thin metal film on the contact holes 
provided on the surface of a Si substrate 
according to the conventional system, respec- 
tively; 

Fig. 5 is a schematic sectional view of an 
apparatus according to an embodiment of this 
invention; 

Figs. 6, 7 and 8 are sectional views similar to 
that of Fig. 5 to illustrate the condition of 
different gas flows in the apparatus shown in 
Fig. 5, respectively; 

Figs. 9 to 11 are sectional views showing a 
procedure for forming a thin metal film on the 
contact holes provided on the surface of a Si 
substrate according to this invention, respec- 
tively; 

Fig. 12 is a graph showing the compared data 
in growth rates of the thin metal film of W in this 
invention and the conventional system; 

Figs. 13 and 14 are sectional views showing 
structures of different substrates to which this 
invention may be applied, respectively; 

Fig. 15 is a schematic sectional view showing 
a modified apparatus according to this inven- 
tion; 

Fig. 16 is a schematic sectional view showing 
another modification of the apparatus; 

Fig. 17 is a schematic sectional view showing 
a further modification of the apparatus; 

Fig. 18 is a schematic sectional view showing 
a further modification of the apparatus; 

Figs. 19 and 20 are schematic front views of 
different gas injecting nozzles which may be 
used in the apparatus, respectively; 

Fig. 21 is a sectional view showing a modified 
example of the substrate. 



DETAILED DESCRIPTION OF THE INVENTION: 

Reference is now made to Figs. 5 to 8 which 
schematically show an apparatus designed to carry 

5 out the improved chemical vapor deposition proce- 
dure of this invention. In the illustrated apparatus, 
reference numeral 1 denotes the reaction chamber 
in which the pressure is reduced. In the reaction 
chamber 1, there is disposed a rotatable substrate 

10 holder 2 for supporting one or more substrates 3 on 
which the desired thin film is to be formed. The 
substrate holder 2 is intended to be rotated by a 
suitable driving motor (not shown) provided on the 
outside of the chamber 1 at a predetermined RPM. 

15 The reaction chamber 1 has a wall portion 1a 
provided with two gas inlets 4a and 4b, each of which 
has a slit-like opening. The gas inlets 4a and 4b are 
connected to separated reactive gas sources (not 
shown), respectively. One 4a of the gas inlets is 

20 intended to feed the reducing gas, H2, in a sheet-like 
state substantially parallel to the surface of each 
substrate 3 into the reaction chamber 1, while the 
other gas inlet 4b is intended to feed the gas 
containing the metal element, WF6, in a sheet-like 

25 state substantially parallel to the surface of each 
substrate 3 into the reaction chamber 1. The H2 and 
WF6 gases thus fed through the gas inlets into the 
reaction chamber 1 are intended to flow along the 
surface of the substrate 3 in the reaction chamber 1. 

30 The reaction chamber 1 has an upper wall portion 
provided with a transparent window 5 which may be 
made of quartz glass and an inert gas inlet 6. The 
inert gas inlet 6 comprises a gas injection member 
6a which is formed of a transparent quartz glass 

35 provided with a plurality of openings 6b. 

This gas injection member 6a is disposed under 
the transparent window 5 so that an inert gas 
passage 6c is formed therebetween. The inert gas 
such as Ar may be downwardly from the gas 

40 injection member 6a into the reaction chamber 1. 
The flow of the Ar gas injected downward into the 
reaction chamber 1 is intended to cross substantially 
perpendicularly to the flows of the WF6 and H2 gases 
fed through the gas inlets 4a and 4b so as to prevent 

45 the H2 and WF6 gases from upwardly penetrating. 
The reaction chamber 1 has a bottom wall portion 
1c provided with an exhaust port 7 for evacuating the 
H2 and WF6 gases from the reaction chamber 1. The 
port 7 is connected to a suitable vacuum pump 

50 system (not shown). 

Disposed outside the reaction chamber 1 above 
the upper wall portion 1b thereof is infrared lamps 8 
from which the light beam is irradiated through the 
quartz glass window 5 and the gas injection member 

55 6a to the surface of the substrate 3 on the substrate 
holder 2, thereby heating the substrate 3 at a 
predetermined temperature. The operation of each 
lamp 8 is controlled by a control device 9 so that the 
temperature at the specific position in the reaction 

60 chamber 1 may be maintained at a predetermined 
level. 

For purposes of clarity of illustration, it will be 
understood that only those portions of the reactor 
system necessary to illustrate the inventive con- 
65 cepts disclosed herein have been shown in the 
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drawings. 

The operation of the illustrated apparatus will be 
described with reference to Figs. 6 to 8. 

The reducing gas H2 is injected in a 2-dimensional 
jet-like flow as shown by arrows R through the gas 
inlet or nozzle 4a into a space A defined on the 
substrate 3. The reactive gas WF 6 is similarly 
injected in a 2-dimensional jet-like flow as shown by 
arrows R' through the gas inlet or nozzle 4b into the 
space A. On the other hand, through the inert gas 
inlet 3 the Ar gas is injected downward into the 
reaction chamber 1 as shown by arrow Q. The flow 
rates of the gases to be injected can be externally 
controlled and, for example, it may be controlled that 
the flow rate of the inert gas flow Q becomes three 
times that of the reactive gas flows R and R\ 

As shown in Fig. 6, the gas flows R and R' are 
limited to the vicinity of the substrate 3 on the 
substrate holder 2 and to be in laminar flow 
condition. It will be considered that this is because 
the downward flow Q of the inert gas from the inert 
gas inlet 6 restrains the gas flows R and R' of the 
reactive gases from the gas inlets 4a and 4b from 
above. This restraining action, that is, the stabilizing 
action of the downward flow Q of the inert gas may 
be^confirmed by a numerical simulation using a 
computer or by a visualization technique using 
titanium tetrachloride. When the gas flows R, R' and 
Q are observed in the entirety, as shown in Fig. 7, the 
gas flows R and R 1 (as hatched) become a localized 
laminar flow the range of which is determined by the 
inert gas flow Q. In other words, the shape, the 
extent or the range of the hatched portion can be 
controlled by adjusting the flow rate of the gas flow 
Q. 

If no downward gas flow Q of the inert gas is given 
to the gas flows R and R', as shown in Fig. 4, these 
gas flows R and R' are diffused so as to become 
turbulent flows in the area B of the space A. In this 
case, the walls of the reaction chamber 1, the 
transparent window through which the heating light 
beam is transmitted and the inspection window (not 
shown) provided on the chamber 1 are contami- 
nated by the diffused reactive gas components, as in 
the conventional system. 

According to this invention, however, the gas 
flows R and R' are positively stabilized as shown in 
Figs. 6 or 7, the reaction components are limited only 
to the vicinity of the substrate 3 on the substrate 
holder 2 to prevent the chamber walls and the 
transparent wall portion from contaminating. There- 
fore, the quality of the metal film to be formed on the 
substrate 3 can be improved, and the dust particles 
in the reaction chamber can be reduced. 

In Figs. 9 to 11, there is shown how the thin film 
containing the metal element is formed on Si 
substrate 10 by using the apparatus illustrated in 
Fig. 1 in accordance with this invention. 

By the control device 9, the lamps 8 can be 
controlled to maintain the specific area in the 
reaction chamber 1 at a predetermined temperature. 
By feeding the H 2 , WFe and Ar gases into the 
reaction chamber 1 which is under reduced pressure 
through the gas inlets 4a, 4b and 6, respectively, and 
irradiating the light beam having a wavelength of 



1.1-3 micron for the maximum Intensity from the 
lamps 8 to the surface of the substrate 10 which Is 
rotated in the reaction chamber 1 through the 
transparent window 5 and the transparent gas 
5 injection member 6a, it will be considered that a 
chemicaJ reaction occurs at the initial on the 
portions 11 of the surface of the substrate 10 where 
the thin insulating film 12 Js formed as follows: 
WF 6 + 3/2Si -+ 3/2SiF 4 + W (5) 

10 On the portions 11 of the substrate 10 the first thin 
metal film 13 is to be grown, as shown in Fig. 10. It 
should be understood that this chemical reaction is 
automatically stopped when the thin metal film 13 is 
formed on the portions 11 of the surface of the 

15 substrate 10 on which the thin insulating film 12 is 
not formed, and then the thin metal film 13 of W has a 
thickness of 1000 angstroms or less. 

It is known that the Si substrate has very small 
absorptivity for an infrared ray having a wavelength 

20 longer than or equaJ to 1.1 micron, while the thin 
insulating film of Si02 has very small absorptivity for 
an infrared ray having a wavelength shorter than or 
equal to 3 micron, and the-.thin metal film of W has 
larger absorptivity that that of the Si substrate or the 

25 thin insulating film of SIO2 In the entire wavelength 
range of 1.1-5 micron. Thus, the thin metal film 13 of 
W is heated at higher temperature than the thin 
insulating film 12 of SIO2, so that there is obtained a 
difference in temperature between the thin metal film 

30 13 and the Insulating film 12. 

Therefore, It will aJso be considered that on the 
surface of the thin metal film 13 chemical reactions 

* 

occur as follows: 
3H 2 6H (6) 

35 WF 6 + 6H — 6HF + W (7) 

W is grown as time goes, and the thin metal film 14 of 
W corresponding to the second thin metal film is 
formed on the surface qf the thin metal film 13 of W 
corresponding to the first thin metal film as shown In 

40 Fig. 11. 

According to the embodiment described above, 
since the thin metal film 13 of W Is formed on the 
portion 1 1 , not formed with the thin insulating film 12 
on the surface of the substrate 10 at the initial time 

45 and then temperature .difference occurs by the 
irradiation of the infrared ray from the lamps 8 
between the thin metal film 13 of W and the thin 
insulating film 12 of Si02 so that chemical reaction Is 
created only on the surface of the thin metal film 13 

50 of W. Therefore, the thin metal films of W can be 
formed only on the portion 11, not formed with the 
thin insulating film 12 on the surface of the substrate 
10. As shown in Fig. 12, the growth rate of the metal 
film (reference character I) becomes higher than the 

55 growth rate (reference character II) according to the 
conventional method. In Fig. 12, an abscissa axis is 
1000/temperature of substrate (K) and an ordinate 
axis is growth rate (Angstrom/min) of the thin metal 
film of W. 

60 As shown in Fig. 11, the thin metal film 14 of W 
corresponding to the second thin metal film is 
formed on the thin metal film 13 of W, and the yield of 
manufacturing an element can be improved by 
suppressing the encroachment and the growth of 

65 the voids as shown in Fig. 4. 
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Since the flows of the gases R, R' are in a laminar 
flow, excellent controllability and reproducibility are 
provided, and the thickness uniformity of the metal 
film 14, the second metal film formed on the surface 
of the first thin metal film as well as the depth of the 5 
encroachment can be controlled by controlling the 
flow rate of the inert gas Q. 

The theoretical foundation of the advantages 
according to the gas flowing system of this embodi- 
ment will be simply described. 10 

Unclear points are still existed for the operations 
in the influence of the flowing state of the reaction 
gas to the encroachment phenomenon, but it is 
possible to establish the following working assump- 
tion. Remarkable encroachment is a silicon reducing 15 
reaction which originally should automatically stop 
by coating the silicon surface with the thin metal film, 
i.e., a phenomenon that the reaction represented by 
the following formula continues even after the initial 
time of the reaction. 20 
WF 6 + 3/2.Si - W + 3/2.SiF 4 | (8) 
In this case, it is considered that the reaction gas is 
supplied through a gap between the thin metal films 
and the side wall of the insulating film, and ultrafine 
gaps among ' crystal grain boundaries in the thin 25 
metal film. In order that the silicon reduction 
continuously advances in the boundary between the 
thin metal film and the silicon, reactive products 
(S1F4 in the above reaction formula) must be 
effectively exhausted to the space. If a turbulent flow 30 
exists in the vicinity of the surface of the substrate, 
the reactive product is rapidly diffused and ex- 
hausted through the gaps by pumping action of 
turbulent flowing diffusion. However, when the 
surface is coated entirely with the laminar flow of the 35 
reactive gas, the exhaust of the reactive product 
must be by molecule diffusion, which is so delay as 
to be ignored for the turbulent flow diffusion if the 
gaps are sufficiently narrow. It will be understood the 
fact that the gas flow control near the surface of the 40 
substrate largely contributes to the encroachment 
phenomenon by the abovementioned assumption. 

In this embodiment, under the same growing 
temperature, total pressure and reaction gas partial 
pressure, comparison experiments of the case that 45 
the control of the gas flows R, R' by the inert gas 
flow Q was performed with the case that the control 
of the gas flows R, R' was not performed were 
conducted. The reactive gas employed the tungsten 
hexafluoride (WFs) and the hydrogen H2 similarly to 50 
the above description, the inert gas employed argon 
Ar, the growing temperature was 400° C, the total 
pressure was approx. 0.7 Torr. By the observation of 
the section by the electron microscope when the 
tungsten (W) film was accumulated approx. 7000 55 
Angstroms in the contacting hole, it was confirmed 
that the lateral and vertical invasion lengths in the 
case that the inert gas flow Q was not used were 
3200 and 8000 Angstroms or more, respectively, and 
in the case that the inert gas flow was used were 400 60 
and 800 Angstroms or less. It is also confirmed that 
the encroachment suppressing effect according to 
the gas flow controlling action acts as independent 
parameters from the growing temperature and the 
pressure under various conditions ot a wide range. 65 



In the embodiment described above, H2 has been 
used as the reducing gas WF6 has been used as the 
gas containing a metal element. However, this 
invention is not limited to the particular example. Any . 
of reducing gases and gases containing a metal 
element may be employed. For example, it may 
include MoF 6 . TaF 5 , CrF 4 , TiF 4 , TiCU, MoCls.WCIs. or 
AICI3. S1O2 has been used as the thin insulating film. 
However, this invention is not limited to the particular 
exmaple. For example, it may include, oxides of 
AI2O3 BSG (Borosilicate glass), PSG (Phosphosili- 
cate glass), BPSG (Borophosphosilicate glass), 
nitrides of BN, SiN x , or compound of SiN x O y (where, 
x and y are numerical values). Further, the thin metal 
film of W has been used as corresponding to the first 
and second thin metal films. However, this invention 
is not limited to the particular exmaples. For 
example, the first and second thin metal films may 
include metals Mo, Ta, Cr, Ti, or Al, or their alloy, or 
alloy of W. Si has been used for the substrate. 
However, this invention is not limited to the particular 
exmaple. For example, as shown in Fig. 13, the 
substrate in which any of elements 15 belonging to 
the III or V group of the Periodic Table is ion 
implanted to a part of the surface of the Si substrate 

10 and at least Si element is exposed on the portion 

11 on which the thin insulating film 12 is not formed 
on the surface of the Si substrate 10, may be 
employed. Any structure and quality of material may 
be employed as the substrate if the Si thin film is 
formed on the uppermost layer of the substrate. For 
example, as shown in Fig. 14, a thin Si film 16 may be 
formed on .the surface of a sapphire 17. Further, 
when the thin metal film of W corresponding to the 
first thin metal film is grown, Si element exposed on 
the surface of the substrate may be diffused 
previously in the thin metal film of W. Even when the 
thin metal film of metals Mo, Ta, Cr, Ti or Al, or their 
alloy or alloy of W corresponding to the first thin 
metal film is grown, the Si element exposed 
previously on the surface of the substrate may be 
diffused in the thin metal film of W. The wavelength 
for producing the maximum intensity of the infrared 
lamp 8 is set to 1 .1 to 3 microns. This invention is not, 
however, limited to this. For example, the wave- 
length may be set to any of 0.75 to 5 microns. 

In Fig. 15, there is shown a modification of the 
apparatus shown in Fig. 5, in which heating lamps 18 
are used instead of the infrared lamps 8, and an 
optical filter 19 is provided between the heating 
lamps 18 and the transparent window 5 in the upper 
wall portion 1b of the reaction chamber to set the 
wavelength of the light beam from the heating lamps 
18 for the maximum intensity, for example, to 0.75-5 
microns. The components corresponding to those in 
the apparatus of Fig. 1 are designated by the same 
or equivalent reference numerals. 

Figs. 16 and 17 show another modifications of the 
apparatus of Fig. 5, in which the irradiation of the 
light beam is made on the back surface of the 
substrate 3. In Figs. 16 and 17, substrate holders 20 
and 21 are formed of a transparent materia! such as 
quartz. With the arrangement shown in Fig. 17, there 
is provided a second inert gas inlet 22 through which 
an inert gas is introduced into the space defined 
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between the lamps 8 disposed in the reaction 
chamber 1 and the substrate holder 21 to prevent 
the reactive product from being adhered to the 
heating lamps 8 and the transparent holder 21. 
Alternatively, the lamps 8 may be disposed in the 
substrate holder 20 or 21. 

In a further modification of the apparatus shown in 
Fig. 18, a rotatable substrate holder 23 is provided 
with heating means 24. The components corre- 
sponding to those in the apparatus of Fig. 5 are 
designated by the same or equivalent reference 
numerals. 

In the arrangements of Fig. 5, 15 and 18, the 
substrate is rotated, but the substrate may not be 
rotated as shown in Figs. 16 and 17. 

In Figs. 19 and 20, there are shown different gas 
injecting nozzles which may be used for injecting the 
reactive gases into the reaction chamber. The nozzle 
shown in Fig. 19 comprises a flat hollow conduit 25 
formed with a number of small openings 26 In the 
end wall thereof, the openings 26 being arranged in a 
line. The nozzle of Fig. 20 comprises a flat hollow 
conduit 27 in the end wall of which two slits 28 are 
formed, these slits 28 being aligned laterally. 

In the embodiments described above, the gas 
which is fed opposite to the surface of the substrate 
is the inert gas. However, a gas containing partly a 
reactive gas may be used. In this case, the contained 
reactive gas is necessarily of the type which does 
not produce dust particles. For example, H2, N2, O2 
or the like may be contained. 

In the embodiments described above, the inert 
gas injecting unit having the openings has been 
employed. However, a strainer or a honeycomb 
having suitable aspect ratio may be employed 
insteads. Or, this and the unit having openings may 
be employed together. 

In the embodiments described above, the inlet 
unit 4a for H2 and the inlet unit 4b for WFe are 
separately provided. However, they may be com- 
bined to one, or the mixture gas may be fed into the 
reaction chamber 1. 

In the foregoing description, the growth of the thin 
metal film of the case that the thin insulating film is 
formed on part of the surface of the substrate and is 
not formed on the other portion has been explained. 
However, this invention is not limited to such 
substrate, and can be applied to the substrate that 
the thin insulating film is formed on part of the 
surface and the first thin metal film has been already 
formed on the other portion of the surface. 

In this case, the substrate 10 as shown in Fig. 10 
may be manufactured by other apparatus, and this 
may be disposed in the apparatus in Fig. 5 according 
to the embodiment of this invention. This invention 
can be applied to the substrate as shown in fig. 21. 

More specifically, in Fig. 21, a thin metal film 29 
made, for example, of aluminium alloy is formed on 
the substrate 30, and this is partly covered to form 
the thin insulating film 31 on the substrate 30. The 
holes 32 of the thin insulating film 31 for exposing the 
thin metal film 29 in this case are generally called "a 
via hole". The second thin metal film (which may be 
of different metal) may be formed by the apparatus 
of this invention in the thin metal film 29 of the 



substrate 30. 

It is desirable to clean the substrates in Figs. 10 
and 21 by any means for cleaning the surface of the 
first thin metal films 13 and 29 such as plasma 

5 cleaning. 

In the embodiments described above, the thin 
metal film has been formed (by selective growth) 
only on the portion (this Is generally called "contact 
hole") not formed with trie thin Insulating fifm iri Fig. 9 

10 or the through holes 32* of Fig. 21 . Hdwever, the thin 
metal film may also be formed on the thin insulating 
film (on the entire surface growth). In this case, the 
conditions of the type, pressure and flow rate of the 
gas will be altered, but the thin metal film or thin film 

15 of metal sillcide or alloy of desired thickness may be 
formed at higher speed than the conventional CVD 
apparatus. 

The shape of the substrate formed with trie thin 
film on the entire surface may be any, and may not 
20 have the abovementloned hole. In this case, the film 
thickness distribution of the thjn metal film, the metal 
siliclde or the thin film of the alloy may be uniformly 
controlled. 

The substrate holder having heating means In this 
25 invention Includes not only a holder provided with 
the heater therein as shown in Fig. 18, but heating 
means provided externally. 



30 

Claims 

1 . An apparatus for a chemical vapor deposi- 
tion, comprising a pressure reduced reaction 

35 chamber in which at least one substrate is 

disposed; means for feeding a reactive gas Into 
said reaction chamber; and means for emitting 
a light beam to hedt said substrate In said 
reaction chamber; thereby producing a eheml- 

40 cal reaction to form a fnln film on said substrate. 

2. An apparatus according to claim 1, wherein 
said each substrate Is formed at a portion of the 
surface thereof with an electrical insulating film 
and is formed at the* other portion of the surface 

45 thereof with a first metal film, said reaction gets 

comprises a gas containing a metal element 
and a reducing gas, and a temperature dif- 
ference is created between said electrical 
insulating film and said first metal film on the 

50 surface of said substrate by the difference In a 

light absorptivity of the body of said substrate, 
said electrical insulating film and said first metal 
film, thereby causing the chemical reaction to 
occur only on the surface 1 ' of said first metal film 

55 so that a second metal film of said metal 

element is formed on the surface of the first 
metal film. 

3. An apparatus according to claim 1 , wherein 
said each substrate Is formed at a portion of the 

60 surface thereof with an electrical insulating film 

and is formed at the other portion of the surface 
of said substrate no electrical insulating film, 
said reactive gas comprises a gas containing a 
metal element and/or a reducing gas, at least 

65 said gas containing the metal element is 
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introduced into said reaction chamber under 
reduced pressure to form a first metal film 
including said metal element on the portion of 
the surface of said substrate formed with no 
electrical insulating film, and after formation of 5 
said first metal film, said gas containing the 
metal element and said reducing gas are 
introduced into said reaction chamber and said 
each substrate is irradiated by the light beam 
from said light beam emitting means to create a 10 
temperature difference between said electrical 
insulating film and said first metal film thus 
formed by the difference in a light absorptivity of 
the body of said substrate, the electrical 
insulating film and the first metal film, thereby 75 
causing the chemical reaction to occur only on 
the surface of said first metal film so that a 
second metal film is formed on the surface of 
the first metal film. 

4. An apparatus according to claim 2 or 3, 20 
wherein the metal element which constitutes 

said first metal film is the same as that of said 
second metal film. 

5. An apparatus according to claim 2 or 3, 
wherein the metal element which constitutes 25 
said first metal film is different from that of said 
second metal film. 

6. An apparatus according to any one of 
claims 2 to 5, wherein said reducing gas is H2, 

and said gas containing the metal element is 30 
any one or more in combination selected from 
metallic halides such as WFe, MoF6, TaFs, CrF4, 
TiF 4 , TiCI 4 , M0CI5, WCI 6l AICI3 and the like. 

7. An apparatus according to any one of 
claims 2 to 6, wherein said electrical insulating 35 
film on the surface of the substrate is formed of 

any one or more selected from oxides such as 
Si0 2 . AI2O3, BSG, PSG, BPSG and the like, 
nitrides such as BN, SiN x and the like, and 
compound such as SiN x O y . 40 

8. An apparatus according to any one of 
claims 2 to 7, wherein said first metal film is 
formed of any one or more selected from metals 
such as W, Mo, Ta, Cr, Ti, Al, Pt, Pd, Au, Ni and 

the like. 45 

9. An apparatus according to any one of 
claims 2 to 7, wherein said first metal film is 
formed of any one or more selected from 
metallic silicides such as WSi x . TiSi x . TaSi Xl 
MoSi x , PtSix and the like, and metallic nitrides 50 
such as TiN or the like. 

10. An apparatus according to any one of 
claims 2 to 9, wherein said each substrate is 
made of any one of Si, Si0 2) AI2O3, glass, 
sapphire or the like. 55 

11. An apparatus according to any one of 
claims 3 to 9, wherein said each substrate is 
made of any one of Si02, Al 2 0 3 , glass, sapphire 
or the like which is provided with a thin film of Si 

on the uppermost layer thereof. 60 

12. An apparatus according to claim 1, said 
reactive gas feeding means comprises at least 
one nozzle for injecting the reactive gas into the 
reaction chamber. 

1 3. An apparatus according to claim 1 , wherein 65 



said light beam emitting means comprises at 
least one high intensity lamp which radiates 
heat energy at a wavelength of approximately 
0.75-5u.m. 

14. An apparatus according to claim 13, 
wherein said each lamp is positioned outside of 
the reaction chamber, the light beam from the 
lamp being transmitted through a transparent 
window provided on the reaction chamber wall 
into the reaction chamber. 

15. An apparatus according to claim 1, further 
comprising means for optically filtrating the light 
beam from the light beam emitting means, said 
filter means being interposed between the light 

beam emitting means and the reaction chamber 
wall. 

16. An apparatus for a chemical vapor deposi- 
tion, comprising a pressure reduced reaction 
chamber; means for feeding a reactive gas into 
said reaction chamber; means for holding at 
least one substrate in said reaction chamber 
and having means for heating said substrate; 
and means for emitting a light beam to heat said 
substrate in said reaction chamber; thereby 
producing a chemical reaction to form a thin film 
on said substrate. 

17. An apparatus according to claim 16, 
wherein said each substrate is formed at a 
portion of the surface thereof with an electrical 
insulating film and is formed at the other portion 
of the surface thereof with a first metal film, said 
reaction gas comprises a gas containing a 
metal element and a reducing gas, and a 
temperature difference is created between said 
electrical insulating film and said first metal film 
on the surface of said substrate by the 
difference in a light absorptivity of the body of 
said substrate, said electrical insulating film and 
said first metal film, thereby causing the 
chemical reaction to occur only on the surface 
of said first metal film so that a second metal 
film of said metal element is formed on the 
surface of the first metal film. 

18. An apparatus according to claim 16, 
wherein said each substrate is formed at a 
portion of the surface thereof with an electrical 
insulating film and is formed at the other portion 
of the surface of said substrate with no 
electrical insulating film, said reactive gas 
comprises a gas containing a metal element 
and/or a reducing gas, at least said gas 
containing the metal element is introduced into 
said reaction chamber under reduced pressure 
to form a first metal film including said metal 
element on the portion of the surface of said 
substrate formed with no electrical insulating 
film, and after formation of said first metal film, 
said gas containing the metal element and said 
reducing gas are introduced into said reaction 
chamber and said each substrate is irradiated 
by the light beam from said light beam emitting 
means to create a temperature difference 
between said electrical insulating film and said 
first metal film thus formed by the difference in a 
light absorptivity of the body of said substrate, 
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the electrical insulating film and the first metal 
film, thereby causing the chemical reaction to 
occur only on the surface of said first metal film 
so that a second metal film Is formed on the 
surface of the first metal film. 5 

19. An apparatus according to claim 17 or 18, 
wherein the metal element which constitutes 
said first metal film is the same as that of said 
second metal film. 

20. An apparatus according to claim 17 or 18, 10 
wherein the metal element which constitutes 

said first metal film is different from that of said 
second metal film. 

21. An apparatus according to any one of 
claims 16 to 20, wherein said reducing gas is H2, 15 
and said gas containing the metal element is 

any one or more in combination selected from 
metallic halides such as halides such as WF6, 
MoF 6t TaFs, CrF 4 , TiF 4 , TiCU, Mods, WCI 6 , 
AICI3 and the like. 20 

22. An apparatus according to any one of 
claims 16 to 21, wherein said electrical insulat- 
ing film on the surface of the substrate is 

formed of any one or more selected from oxides 
' such as Si0 2 , Al 2 0 3 , BSG, PSG, BPSG and the 25 
^like, nitrides such as BN, SiN x and the like, and 

compound such as SiN x O y . 

23. An apparatus according to any one of 
claims 16 to 22, wherein said first metal film is 
formed of any one or more selected from metals 30 
such as W, Mo, Ta, Cr, Ti, Al, Pt, Pd, Au, Ni and 

the like. 

24. An apparatus according to any one of 
claims 16 to 22, wherein said first metal film is 
formed of any one or more selected from 35 
metallic silicides such as WSi x , TiSi x , TaSi x , 
MoSix, PtSi x and the like, and metallic nitrides 
such as TiN or the like. 

25. An apparatus according to any one of 
claims 16 to 24, wherein said each substrate is 40 
made of any one of Si, SiC>2, AI2O3, glass, 
sapphire or the like. 

26. An apparatus according to any one of 
claims 18 to 24, wherein said each substrate is 
made of any one of Si02, AI2O3, glass, sapphire 45 
or the like which is provided with a thin film of SI 

on the uppermost layer thereof . 

27. An apparatus according to claim 16, said 
reactive gas feeding means comprises at least 

one nozzle for injecting the reactive gas into the 50 
reaction chamber. 

28. An apparatus according to claim 16, 
wherein said light beam emitting means com- 
prises at least one high intensity lamp which 
radiates heat energy at a wavelength of approxi- 55 
mately0.75-5u.rn. 

29. An apparatus according to cliam 28, 
wherein said each lamp is positioned outside of 
the reaction chamber, the light beam from the 

lamp being transmitted through a transparent 60 
window provided on the reaction chamber wall 
into the reaction chamber. 

30. An apparatus according to claim 16, further 
comprising means for optically filtrating the light 
beam from the light beam emitting means, said 65 



filter means being interposed between the light 
beam emitting means and the reaction chamber 
wall. 

31 . An apparatus for a chemical vapor deposi- 
tion, comprising a pressure reduced reaction 
chamber in which at least one substrate Is 
disposed; means for feeding a first gas sub- 
stantially parallel to the surface of said sub- 
strate under reduced, pressure in a. sheet-like 
flow; means for feeding a second gas opposite 
to the surface of said substrate to put said first 
gas flow into a laminar flow state in the vicinity 
of said substrate; and means for emitting a light 
beam to heat said substrate in said reaction 
chamber; thereby producing a chemical reac- 
tion to form a thin film having the component of 
said first gas on said substrate. 

32. An apparatus according to claim 31, 
wherein said each substrate is formed at a 
portion of the surface thereof with an electrical 
insulating film and is formed at the other portion 
of the surface thereof wjthua first metal film, said 
first gas comprises a gas containing a metal 
element and a reducing gas, said second gas 
comprises an inert gas or a gas containing the 
inert gas as a main, component, and a tempera- 
ture difference is created between said electri- 
cal insulating film and said first metal film on the 
surface of said substrate by the differ nee in a 
light absorptivity of the body of said substrate, 
said electrical insulating film and sard first metal 
film, thereby causing the chemical reaction to 
occur only on the surface of said first metal film 
so that a seoond metal film of said ; meta| 
element is formed on the surface of the first 
metal film. 

33. An apparatus according to claim 31, 
wherein said each substrate Is formed at a 
portion of the surface thereof with an electrical 
insulating film and Is formed at the other portion 
of the surface of saJd substrate no electrical 
insulating film, said first gas comprises a gas 
containing a metai element and/or a reducing 
gas, said second gas comprises an inert gas or 
a gas containing the inert gas as a main 
component, at least said gas containing the 
metal element is introduced Into said reaction 
chamber under reduced pressure to form a first 
metal film including said metal element on the 
portion of the surface of said substrate formed 
with no electrical insulating film, ancj after 
formation of said first metal film, said gas 
containing the metal element and said reducing 
gas are introduced into saJd reaction chamber 
and said each substrate is irradiated by the light 
beam from said light beam emitting means to 
create a temperature difference between said 
electrical insulating film and said first metal film 
thus formed by the difference in a light 
absorptivity of the body of said substrate, the 
electricai insulating film and the first metal film, 
thereby causing the chemical reaction to occur 
only on the surface of said first metal film so that 
a second metal film is formed on the surface of 
the first metal film. 
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34. An apparatus according to claim 32 or 33, 
wherein the metal element which constitutes 
said first metal film is the same as that of said 
second metal film. 

35. An apparatus according to claim 32 or 33, 5 
wherein the metal element which constitutes 

said first metal film is different from that of said 
second metal film. 

36. An apparatus according to any one of 
claims 32 to 35, wherein said reducing gas is H2, 10 
and said first gas containing the metal element 

is any one or more in combination selected from 
metallic halides such as halides such as WFs, 
MoFe. TaF 5 , CrF 4 , TiF 4 , TiCU, Mods, MCI 6 . 
AICI3 and the like. 15 

37. An apparatus according to any one of 
claims 32 to 36, wherein said electrical insulat- 
ing film on the surface of the substrate is 
formed of any one or more selected from oxides 
such as Si0 2t AI2O3, BSG, PSG, BPSG and the 20 
like, nitrides such as BN, SiN x and the like, and 
compound such as SiN x O y . 

38. An apparatus according to any one of 
claims 32 to 37, wherein said first metal film is 
formed of any one or more selected from metals 25 
such as W, Mo, Ta, Cr. Ti, Al, Pt, Pd, Au, Ni and 

the like. 

39. An apparatus according to any one of 
claims 32 to 37, wherein said first metal film is 
formed of any one or more selected from 30 
metallic silicides such as WSi x , TiSi x , TaSix. 
MoSix, PtSix and the like, and metallic nitrides 
such as TiN or the like. 

40. An apparatus according to any one of 
claims 32 to 37, wherein said each substrate is 35 
made of any one of Si, Si02, AI2O3. glass, 
sapphire or the like. 

41. An apparatus according to any one of 
claims 33 to 37, wherein said each substrate is 
made of any one of Si, Si0 2l AI2O3, glass, 40 
sapphire or the like which is provided with a thin 

film of Si on the uppermost layer thereof. 

42. An apparatus according to claim 31, 
wherein said light beam emitting means com- 
prises at least one high intensity lamp which 45 
radiates heat energy at a wavelength of approxi- 
mately 0.75-5u.m. 

43. An apparatus according to claim 42, 
wherein said each lamp is positioned outside of 

the reaction chamber, the light beam from the 50 
lamp being transmitted through a transparent 
window provided on the reaction chamber wall 
into the reaction chamber. 

44. An apparatus according to claim 31 , further 
comprising means for optically filtrating the light 55 
beam from the light beam emitting means, said 

filter means being interposed between the light 
beam emitting means and the reaction chamber 
wall. 

45. An apparatus for a chemical vapor deposi- 60 
tion. comprising a pressure reduced reaction 
chamber; means for supporting at least one 
substrate in said reaction chamber and having 
means for heating said substrate; means (or 
feeding a first gas substantially parallel to the 65 



surface of said substrate under reduced press- . 
ure in a sheet-like flow; means for feeding a 
second gas opposite to the surface of said 
substrate to put said first gas flow into a laminar 
flow state in the vicinity of said substrate; and 
means for emitting a light beam to heat said 
substrate in said reaction chamber; thereby 
producing a chemical reaction to form a thin film 
having the component of said first gas on said 
substrate. 

46. An apparatus according to claim 45, 
wherein said each substrate is formed at a 
portion of the surface thereof with an electrical 
insulating film and is formed at the other portion 
of the surface thereof with a first metal film, said 
first gas comprises a gas containing a metal 
element and a reducing gas, said second gas 
comprises an inert gas or a gas containing the 
inert gas as a main component, and a tempera- 
ture difference is created between said electri- 
cal insulating film and said first metal film on the 
surface of said substrate by the difference in a 
light absorptivity of the body of said substrate, 
said electrical insulating film and said first metal 
film, thereby causing the chemical reaction to 
occur only on the surface of said first metal film 
so that a second metal film of said metal 
element is formed on the surface of the first 
metal film. 

47. An apparatus according to claim 45, 
wherein said each substrate is formed at a 
portion of the surface thereof with an electrical 
insulating film and is formed at the other portion 
of the surface of said substrate no electrical 
insulating film, said first gas comprises a gas 
containing a metal element and/or a reducing 
gas, said second gas comprises an inert gas or 
a gas containing the inert gas as a main 
component, at least said gas containing the 
metal element is introduced into said reaction 
chamber under reduced pressure to form a first 
metal film including said metal element on the 
portion of the surface of said substrate formed 
with no electrical insulating film, and after 
formation of said first metal film, said gas 
containing the metal element and said reducing 
gas are introduced into said reaction chamber 
and said each substrate is irradiated by the light 
beam from said light beam emitting means to 
create a temperature difference between said 
electrical insulating film and said first metal film 
thus formed by the difference in a light 
absorptivity of the body of said substrate, the 
electrical insulating film and the first metal film, 
thereby causing the chemical reaction to occur 
only on the surface of said first metal film so that 
a second metal film is formed on the surface of 
the first metal film. 

48. An apparatus according to claim 46 or 47, 
wherein the metal element which constitutes 
said first metal film is the same as that of said 
second metal film. 

49. An apparatus according to claim 46 or 47, 
wherein the metal element which constitutes 
said first metal film is different from that of said 
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second metal film. 

50. An apparatus according to any one of 
claims 46 to 48, wherein said reducing gas is H2. 
and said first gas containing the metal element 

is any one or more in combination selected from 5 
metallic halides such as WF6, M0F6, TaFs, CrF4. 
TiF 4l TiCI 4 , M0CI5, WCI 6 , AICI3 and the like 

51. An apparatus according to any one of 
claims 46 to 49, wherein said electrical insulat- 
ing film on the surface of the substrate is 10 
formed of any one or more selected from oxides 
such as Si0 2 , AI2O3, BSG. PSG, BPSG and the 

like, nitrides such as BN. SiN x and the like, and 
compound such as SiN x O y . 

52. An apparatus according to any one of 15 
claims 46 to 51, wherein said first metal film is 
formed of any one or more selected from metals 
such as W, Mo, Ta, Cr, Ti, Al, Pt, Pd, Au, Ni and 

the like. 

53. An apparatus according to any one of 20 
claims 46 tp 52, wherein said first metal film is 
formed of any one or more selected from 
metallic silicides such as WSi x , TiSi x , TaSi Xl 
MoSi x , PtSix and the like, and metallic nitrides 
such as TiN or the like. 25 

54. An apparatus according to any one of 
claims 46 to 52, wherein said each substrate is 
made of any one of Si, Si0 2 , AI2O3, glass, 
sapphire or the like. 

55. An apparatus according to any one of 30 
claims 47 to 52, wherein said each substrate is 
made of any one of Si, Si02, AI2O3, glass, 
sapphire or the like which is provided with a thin 

film of Si on the uppermost layer thereof. 

56. An apparatus according to claim 45, 35 
wherein said light beam emitting means com- 
prises at least one high intensity lamp which 
radiates heat energy at a wavelength of approxi- 
mately 0.75-5jxm. 

57. An apparatus according to claim 56, 40 
wherein said each lamp is positioned outside of 

the reaction chamber, the light beam from the 
lamp being transmitted through a transparent 
window provided on the reaction chamber wall 
into the reaction chamber. 45 

58. An apparatus according to claim 45, further 
comprising means for optically filtrating the light 
beam from the light beam emitting means, said 
filter means being interposed between the light 
beam emitting means and the reaction chamber 50 
wall. 

59. An apparatus according to any one of 
claims 16 and 45, wherein said substrate 
holding means is rotatable. 

55 
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